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(57) Abstract 



(54) Title: ATTACHING AN IMPLANTABLE HEARING AID MICROACTUATOR 

Jf 

A microactuator (32) of an implantable 
hearing aid system (10) is secured within a 
casing (50) implanted into a fenestration (52) 
that pierces the promontory (18) of the otic 
capsule bone (31). The casing (50) includes 
a hollow sleeve (62) that has an outer surface 
(64) and a first end (66) that is received 
into the fenestration (52). The sleeve (62) 
also includes an inner surface (68) adapted 
to receive a barrel (74) of the microactuator 
(32). The casing (62) also includes a flange 
(76) that is integral with the sleeve (62) and 
projects outward from the outer surface^ ($4) \*. j 
of the sleeve (62) about a second, end/' (78) 
of the sleeve (62). Various means secure the 
sleeve (62) within the fenestration (52) such as 
screwing into the promontory (18) or clamping 
to the promontory (18). The casing may fasten 
the microactuator (32) jo the casing (50) by a 
threaded attachment, with screws, with button- 
and-socket snap fasteners, or with a slotted 
tongue-and-groove lock. A dummy plug may 
replace the microactuator (32) should removal 
become necessary. 
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ATTACHING AN ^ 
IMPLANTABLE HEARING AID MICROACTUATOR 



Technical Field 

5 The present invention relates to fully implantable hearing 

aid system, and more particularly to an apparatus for and method 
of mounting a microactuator of the fully implantable hearing aid 
system that permits readily removing the microactuator either 
permanently or for microactuator replacement. 

10 

Background Art 

Patent Cooperation Treaty ("PCT") patent application no. 
PCT/US96/ 15087 filed September 19, 1996, entitled "Implantable 
Hearing Aid" ("the PCT Patent Application") describes an 

15 implantable hearing aid which uses a very small implantable 
microactuator. The PCT Patent Application also discloses a 
Kynar® microphone which may be physically separated far enough 
from the implanted microactuator so that no feedback occurs. A 
PCT patent application no. PCT/US97/002323 entitled "Improved 

20 Biocompatible Transducers" filed 14 February 1997, ("the Improved 
Transducers PCT Patent Application") discloses improved 
implantable microactuators and microphones that are useful in the 
fully implantable hearing aid system disclosed in the PCT Patent 
Application. The fully— implantable hearing aid system disclosed 

25 in the PCT j Patent Application and in /the Improved Transducers PCT 
Patent -Application can .operate for a period of five years on a 
set of batteries, and produce sound levels of 110 dB. The fully 
implantable hearing aid system described in these PCT Patent 
Applications is ^tremfely compact, sturdy, rugged, and provides 

3 0 significant progress towards addressing problems with presently 
available hearing\aids". 

As described" in 1 these PCT Patent Applications, ihe 
microactuator is implanted into a fenestration that pierces* the 
promontory of the cochlea. The PCT Patent Applications describes 

35 securing the microactuator within this fenestration by screwing 
the microactuator * into the bony -wall of the promontory. Fijxed 
in that location the microactuator > 'either directly or indirect- 
ly, excites a basilar membranes in contact with the cochlear 
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fluid, and thereby- generate spund^. However .^^y^tine tissue 
■ -.may grow around, the micrpactuatpr which, anchors it firmly in 
place, -but also making .its- removal, very .. difficult.. ; 

The bone at .the promontory pf the_ cochlea is extremely hard, 
5 and, in some instances . is, only 0,.3,to 0,5 mm thick., ; The bone's 
hardness .impedes attaching . the micrgactuator, v/ith barbs . In some 
. instances , .f orming screw threads,^ the bone , may . also prove 
.,. difficult because of the promontory 's thinnesp ; . . .. 

10 nisclosure r-f invention v.; \ . :.>■:'- > : '• " 

An. object of the present ... invention is : to facilitate 
attachment of. a ' microacfiaator^of an ? irnpUntable hearing aid 
system to a, fenestration formed, .through: a subject '.s promontory, 
and to facilitate the micr.oactua^or' s subsequent removal. 
15 Another , pb.ject of, the. present invention is to provxde a 

- simple casing -for facilitating attachment of a microactuator of 
'."'.'an .implantable hearing ,aid> .system, to a fenestration formed 
through, a ; object,' s promontory, and the micrpactuator ' s subse- 

■ guent- removal,." V.^-* - :■.■■>• :'■ ' ;.<.!■ ■ ■ . Vi-„~v, =» 

..Another object of the , present invention is to attach 
microactuator of an : implantable hearing. aid system ^^" e ^" 
tion formed through a subjects promontory applying little force 

.to the; promontory - • >•;.•; :.. . . •=•.•■• ■.. 

Another object , of :, the .present invention is to attach 
microactuator of an implantable, hearing aid system to a fenestra- 
tion formed through a subject' s prpmontory without fracturxng the 

promontory^ ^ ^ pr ^ se nt invention is to removed an 

implanted microactuator. pf a hearing .aid system from a fenestra- 
tion formed through .a subject's promontory applying little force 

to the promontory.; » ..; . r . ■* 

Another- object of -the. present ...invention is to prov.de an 

easily implanted casing for attaching, a. microactuator of an 

. .^'^1. to a . w tea 5 ion formed through 

35 a subject's promontory,. . , . .-. r 

... Briefly,.- the present , invention is a casang adapted lor 
implantation- into a., subject that is receiving an "P*""*^ 
' hearing aid system. The casing is implanted into a fenestrate 
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that pierces the promontory of the otic capsule bone. The 
promohtory is a projectiondf the cochlea* which.- is a fluid-filled 
hearing pbrtio'n 'of the" inner ear. The casing is adapted for 
receiving arid attaching to the subject either of a microactuator 

] 5 * Included in the " J iWplaritable' hear ing -aid system, or of a dummy 
'plug to replace ~ the microactuator should removal of the 
microadtuator become* hfebe^s'ary . Upon application of an electric 

- 1 signal to the' microactuator the 'microactuator stimulates fluid 
within the inner ear ( , w wfrich* stimulatibn' ; the subject perceives as 
10 sound. 

A casing for attaching a- ,: mictoa<ituator of an . implantable 
hearing aid system to * a rr fenestration formed' through a subject's 
promontory in r accordancie v wit?ti the preisent invention includes a 
sleeves that has an out^r ! ^iir face/ ' During' implantation of the 

15 casing/ a first end of rthe ' WlieeVe is received into the fenestra- 
tion. Disposed in th'kt location^ the outer surface of the sleeve 
mates with the' fenestration :* lor securing the casing within the 
fenestration. * The ~ hollow sleeve includes -ah' inner surface 
adapted to receive ,? a' barrel' 'of the microactuator; . ' 

20 The casing also includes a flange that is- integral with the 

sleeve. The flange projects outward from -the -outer surface of 
the sleeve about a ; 'second ' end i f; df • ' the : sleeve ^that is located 
distal from the first end;" The flange/ *tftr6ugh Contact either 
with a mucosa that covers the promontory -or with -the promontory 

25 itself, limits a depth ; to which the -first end of the sleeve may 
enter into the 'f enestration . ' " ' . - v 

A casing in ' accordance with the present invention may employ 
various means for securing the sleeve within ' the fenestration 
such as screwing into the % piromontory or clamping to the promonto- 

30 ry . ~ Similarly, such a casing may fasten the microactuator to the 
casing in various ways such 1 as by a threaded' • attachment , with 
screws, with button-and-socket snap fasteners, or with a slotted 
tongue-and-groove lock . A casing in accordance with the present 
"invention may also" include a keyway that receives a mating key 

35 formed on the barrel of the microactuator for establishing an 
orientation of the implanted microactuator'. 

These and other features, objects and advantages will be 
understood or apparent to thos£ of oirdinafy skill in the art from 
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- the following detailed ' description of' the preferred embodiment 
as illustrated in the various drawing figures.- — 

Rrief pe g^T-i ptio ^ nf'prawihqs 

- FIG 1 is a schematic coronal, partial sectional view 

3 through a human' temporal bone "iilustr at ihg the external, middle 
and inner ears , and showing : the' relative positions of the 
components of a fully implantable hearing aid system disclosed 
in the PCT Patent Application; " - 

0 FIG 2 is a partial cross-sectionkl el^vat'ional view illus- 

trating an externally and internal!:/ threaded casing, that 

' includes an integral sleeve and flange, used for attaching an 
implantable hearing aid • s microactuator into a fenestration that 

pierces the promontory; 
L5 FIG " 3 is a partial cross-sectional eievational view illus- 

trating an alternative embodimeht/extefnally threaded casing and 
an internal dring seaf for attaching a .icroactuator into a 
fenestration that pierces the promontory; 

' FIG Vis a cross-sectional plan view of a casing implanted 
into a fenestration through the promontory-taken along the line 
4-4 in FIG. 3; 

1 FIG'S is aplan'view of an alternative embodiment casing 
that is divided Into' a piurality of separate, annular ly-shaped 
segments tha% illustrates 'reception of a cross-sectional view of 
>5 the barrel of the microactuator into the casing; 
: FIG 6 is a partially sectioned eievational view of the 

> alternative embodiment casing tak*n along the line ' 6-6 in FIG^ 
5 showing reception of t^e barrel of'the microactuator into the 
' casing, and ' reception of buttons projecting from the flange of 
30 the casing into mating sockets on "the microactuator; 
? FIG 7 is a partially sectioned eievational view of the 

< alternative embodiment casing' depicted in FIG. 6 that illustrates 
- sockets which provide radially aligned -grooves" for receiving 

mating buttons tha^ project fro, the flange of the casing; 
35 " FIG. 8 is a partially sectioned perspective view of the 

alternative embodiment casing d-eWicted in Mr* that i"-'"^ 
inserting the microadtuator Into the casing and securing it there 
^ng" keyway formed' inter n.lly on the casing's sleeve xn 
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n£ j ;: . , combination with, a ^ey_ that projects outward from the 
microactuatpr's. barrel; and 

FIG. 9 is a partially sectioned elevational view of the 
alternative embodiment casing depicted in FIG. 6 that illus- 
f5 i: ...tr^ates securing the microactuator to the casing with a keyway 
. fprmed externally on the casing^ flange in combination with a 
key .that projects inward from the microactuator. 

Best Mode for Carrying Out the Invention 

10 . . , FIA-. ,1 ; illustrates relative/locations of components of an 
, r implantable hearing ..aid 10 in accordance with the present 
invention after implantation in a temporal bone 11 of a human 
subject 12. FIG., 1 .also depicts an external "ear 13 located at 
one end of an external auditory canal 14. An opposite end of the 

15 external auditory canal 14 terminates at an ear drum is. The ear 
. drum 15 mechanically vibrates in response to sound waves that 
.. travel /through the .external auditory canal 14. *The ear drum 15 
serves as an anatomic barrier between the external auditory canal 
, 14 and a fiddle ear cavity J6. The ear drum 15 amplifies sound 

20, ,waves by. collecting them in a relatively large area and transmit- 
ting them to a much smaller area of an oval-shaped window 19. 
Ari inner ear. 17 is , located in .the medial aspects of the temporal 
bone 11. The irfner ear 17 is comprised of otic capsule bone 31 
containing the semi-circular canals for balance and a cochlea 20 

25 for hearing. A relatively Jarge projection^ referred to as the 
"promontory 18,^ projects from .the otic capsule bone 31 inferior 
to the oval window 19 which overlies a basal coil of the cochlea 
20. A round window 29.. located on the opposite side of the 
promontory 18, from the oval window 19, and overlies a basal end 

30 of the scala tympani. 

Thre.e mobile ,bones (malleus, incus and stapes), referred to 
as an ossicular chain 21, span the middle ear cavity 16 to 
connect the ear drum 15 with the inner ear 17 at the oval window 
19. The ossicular chain 21 conveys mechanical vibrations of the 
-.35 ear drum 15. to the inner ear 17, mechanically de-amplifying the 
motion . by a factor; of .2 .2 at.. 1000 Hz. Vibrations of a stapes 
footplate 2 7 in the oval window. 19 cause vibrations in perilymph 
fluid L ,20a contained in scala vestibuli of the cochlea 20. These 
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lessure wave ••vibrations" iravel through thn perilymph tluid 20a 
and enao^p,, f uid of the cochlea ,0 to produce a travels, wave 
r^ Jsiiar ~. Di.pXiic-.nt of the basilar membrane 
bends ..cilia" . of the receptor cells 20b. . The shearing effect of 
the ciU on- the receptor cells 20b cau.es depolarization^ the 
„tor cells 20b. Depolarization of the receptor cells 20b 
o^-S ^nals to travel in a highly -organised manner 
along 'auditory nerve fibers 20c, through the/ brainstem to 
eventually signal the cerebral cortex in the temporal obe of a 
brain of the subject 12 to. perceive the .vibrations as - sound. 

The ossicular chair. 21 is composed of a malleus 22. 
23 an* a stapes. 24... The .'stapes is. shaped liKe "stirrup 
wiih arches 25 and 26. and. a stapes footplate 27 which covers the 

S So. 19 . The .Chile s.apes i. supported the ova 
window 19 by an annular ..ligament which attaches the stapes 
footplate 27 ^ ;the. solid otic, capsule margins of the oval window 

19 ' Fig ! also illustrates; the three major components of the 
'.id 10 a microphone 28, a hermetically-sealed 
signa'processing' amplif ier > which '.includes a battery not 
teparately oepicled* A:ki&: i M a microactuator 32 . ; Miniature 

bles or flexible' printed circuits 33 and; 34 respectively 
cables or. nexiuic y : ... L ., , . s w ™ with the 

„, ,. na sional-processing amplifier 30 wltn 

interconnect the signal p . hone 28 

microactuator 32, and with the microphone 28. Th mi p 
, is mounted below the skin in the. auricle, or alternatively 
... postauricular area, of the external ear 13. h „, sobo „tam- 

The' signal-processing amplif ier. 30 is implanted subcutane 
. ously behL 9 .««: external ear 13 within a depression^ su^ical- 
' ly sculpted in amastoid cortical, bone 39 of the subject 12. The 
, . signal-process ing amplifier " ^es a^ ^ ™ 

oactuator 32 via the miniature cable 34 implanted below the 
m ^ r ° aCt :" external auditory canal 14. The signal-processing 
skin in the external a y _ B iorophone 

, . „_ . ort rsmrpqses the signal receiveu ^ ^ 
>5 r : op^ characteristics; of th* processed signal to 
28 to - tQ ob y ln the desired auditory response. 

Z s^l-pSsi^ amplifier 30 may perform signal processing 
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using. either digital or analog signal processing, and may employ 
; , both" nonlinear and highly complex signal processing. 

The microactuator 32 transduces' the' electrical signal 
received from the signal-processing ' amplif ier 30 into vibrations 
,.5 that either directly or indirectly mechanically vibrate the 
perilymph fluid 2 0a in the inner ear 17." As described previous- 
ly, vibrations in the perilymph fluid' 20a actuate thei receptor 
cells 20b to stimulate the auditory nerve fibers 2 0c which signal 
the brain of the subject 12 to perceive the'mechanical vibrations 
10 as sound . 

FIG. 1 depicts the relative position of the microphone 28, 
the signal-processing amplifier 30 and the microactuator 32 with 
respect to the external ear 13. Even though the 

signal-processing amplifier 3 0 1 is implanted subcutaneously , the 
15 subject 12 may control the operation of the hearing aid 10 using 
techniques analogous to those presently employed for controlling 
the operation of miniaturized external hearing aids. Both the 
microphone 28 and the microactuator 32 are so minuscule that 
their implantation ~ requires ^'little or no destruction of the 
,20 , .tissue of the subject 12 1 Of equal importance, the microphone 
28 and the signal-processing amplifier 30 do not Iht'erfere with 
the normal conduction of sound through the 'ear , :; and thus will not 
impair hearing when the 'Hearirig aid io is * turned v off or not 
functioning. " * ' ; * r ^ " . 

25 " ~; ' " ' ; • • • ■■■ • •• 

II Threaded Attachment 

FIG. 2 illustrates an embodiment of 'the present invention 
for attaching the microactuator" "32 to ' tihe subject 12 using a 
casing 5 0 implanted into 1 a fenestration 52 :: that pierces the 
30 promontory 18 projecting from the otic capsule bone 31. Due to 
anatomical constraints, the diameter of the fenestration 52 
cannot exceed 1.6 mm. As illustrated in FIG. 2, a layer of 
tissue, identified as mucosa 54, covers that side of the 
promontory 18 facing the middle ear cavity 16. Another layer of 
35 tissue, identified as endothelium 56, covers that side of the 
promontory 18 facing the inner "ear 17. To avoid sensory damage, 
the, fenestration 52 may "be formed through the mucosa 54, 
promontory 18 and endothelium 56' using a low-speed drill (not 
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illustrated in^yW the>ids.) 'whl^h rotates at -au.speed below 
200 ; H Z . " 'Alternatively; a " "pulsed la^W -beain' wit* appropriate 
energy parameters may be used for Earning the, fenestration 52 
through " the mucosa '54, promontory - 18- and endothelium 56 . 
Spectroscopic studies of the human otic capsule bone- '31 suggest 
that the ideal laser wavelength w'iii include those of. the excimer 
laser , Erbium-YAG and coi lasers: ^'Tne preceding- procedures for 
farming the' fenestration 52 inay penetrate' the endothelium 56, or 
the endothelium 56 may remain intact. : 

The casing 50 includes "fiol low sleeve 1 62 having • a threaded 
outer surface 64 which has a ? f iifslf end : 6 6 that is received into 
the fenestration '52. The : hollow 1 sleeve 62 also has an inner 
surface' 68 that receives^ barrel 72 of the microactuator 32. 
The casing 50 also includes a" flange 7 6 that is formed integrally 
with the sleeve 62, and " that projects outward from the. outer 
surface 64 of the sleeve 62 about a second end 78 of the sleeve 
62 that is located distal froW the first end 66. The flange 76 
limits a depth to which" the first end 6 6 of the "sleeve 62 may 
enter into the fenestration 52' through contact between/the flange 
76 and either the mucosa 54 overlying the' promontory 18 ,1 or the 
promontory 18 itself ^ should thW Wcos^ 54^ be removed or forced 
aside : The casing 50 may be made out of titanium oir any suitable 
bio-compatible material including Teflon, hydroxy apatite, etc. 

To secure the embodiment c?f the casing 50 depicted m FIG. 
2 within the fenestration 52 T after initially boring, either with 
a drill or' a laser as described above, the fenestration 52 is 
"'threaded with a scrW tap (not illustrated in any of the FIGs.). 
The tap has' a relative^ coarse p^LtchT oh the order of 2 to 4 



turns per mm. To avoid ^damaging structures within -the inner ear 

30 17, the tap must have a very precise length , and have a broad 

shoulder that contacts the mucosa 54 covering the promontory 18 

so the tap does not penetrate" into 'the inner ear 17 more than a 

' fraction of mm. Accordingly, a series of taps ..may be used 

" successively with all taps having the same pitch but increasingly 

3 5 ' larger diameter. ' In this way each successive tap provides a 

' slightly deeper cut into the promontory 18 than the previous tap. 

After tapping the fenestration 52 t6 prepare it to- receive the 

* ^ ^ i n T?Tr 9 the casinq 50 is screwed into me 
casing 50 depicted in FIG. 2, tne casing 
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promontory 18 thereby,mating. the threaded sleeve 62 of the casing 
,- - -5,0. w.ith the fenestration 52, and thus securing the - casing 50 

.Ll^-wi-thirt the fenestration 52. t . -, 

As illustrated .in. FIG . ^ 2 , the " threaded inner surface 68 of 
;5 , the, > sleeve, . . 62 has,, a ,diameter ' of approximately '1. 3 mm. The 
, , threads, on inner? surf jage 68? may extend along the 'entire length 
ofivthe^ inner surface 68. from the second end 78 to the first end 
.66, • Qr oniy through . a fraction of its length. The pitch of 
threads on the inner surface 68 may be substantially smaller than 
10 the, pitch , of .. the threads on . the outer surface 64. During 
insertion .of ,the 9 as f n g 50 , into the fenestration 52, to prevent 
any release qf cochlear fluid a dummy plug (not illustrated in 
. any of. the FIGs. .may fill the inner surface 68.' 
^ After the easing 50 has been secured in the fenestration 52, 

15 the dummy plug is ..removed f 'and the barrel" 7 2" of the microactuator 
— 32 is screwed, into the inner surf ace 68 . An elastomeric seal 82, 
!. which encircles . the barrel 12 of the microactuator : 32 and is 
-disposed between the microactuator 32 and the casing 50, may be 
...used, -to make, a leak.tight seal between the microactuator 32 and 

2 0 : / the ,casing ;; 50.. ..-.r.v • . < 

- When using a .fluidic amplifier microactuator 32 as described 

■ ,in the; PCT, Patent Application' and in the Improved' Transducers PCT 
... Patent -Application, ; there exists little restriction on the size 
of the barrel 72, since the size of the transducer located in the 
25 middle ear, cavity 16 .controls the volume displacement of fluid 
within the microactuator .32. (The PCT Patent Application, the 
Improved Transducers, PCT Patent Application, and United States 
. - Patent Applications Serial No. 08/532,398 entitled "Implatable 
Hearing Aid'< , that,, was , filed September 22, 1995, and Serial No. 
30 08/801,056 entitled "Improved Biocompatible Transducers" that was 
filed February 24, 1997, are, hereby incorporated by reference as 
; though fully set forth here. J Screwing the microactuator 32 into 
•the casing 50 depicted xn FIG. 2 requires rotating the miniature 
cable 34 which can be . cumbersome in practice. Likewise, using 
35 the casing. 50 . depicted. in FIG . 2 the angular orientation of the 
microactuator , 32 qannot be. set, or even determined, until the 
. casing 50 has been installed.. ^ ? 
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, ;! "' ■' 'pig', f : i 1 lustrates" an ■ alternative .embodkient;.. of -the casing 
' > 5 6 Those elements depleted in ^ FIG- 3 that are qommon to the 

• casing 50 ! depicted in FIG, '2 carry ^the same- reference numeral 
distinguished by V pri«e ("■»)• designation. --The. embodiment of 

5 the casing 50- depicted iri- FIG: ;7 '3 ' -has a smooth, rather than 
threaded/ inner surface 68' of the sleeve 62', and the barrel 72' 
of the microactuator 32 slips^ ^tightly into iihe externally 
threaded sleeve 62'. The f lange- 76'. of the . casing 50- has 
threaded apertures 86 formed -therein, arid adjacent ; portions of 
10 the microactuator 32- are piferced by maligned apertures 88. 
Screws 92, Which respectively extend through the apertures 88 and 
thread into -the threaded apertures 86, secure the. microactuator 
32' to the casing 50- when' the barrel 72' may be received into 
the sleeve 62' . "A small', bib-compatible elastomer ic : 0-ring 96 
15 disposed between the microactuator 32- and the casing 50', may 
: be 'used to make a leak'tight seal between the microactuator 32' 

arid the casing 50' . ,J f '* 

- The cross-sectional view of the casing 50 » depicted in FIG. 
4 illustrates a keyways 98^ notched into the -inner surf ace 68' of 
20 the casing 50' . One of the keyways 98 receives a mating key 99, 
illustrated in FIG 3 , -that? projects loutward from the barrel 72- 
of ; the microactuator 32' . Consequently, the microactuator 32' 
is received into the * casing 50- in only a limited number of 
orientations which are> arranged soothe apertures 88 that pierce 
25 the microactuator 32 - -align .with the threaded, apertures 86 formed 
- into the flange 76'- This embodiment of the casing 50- permits 
orienting the miniature cable 34' to .one of a number -of desired 
positions, arid a-lsoi a ^iies a- small torque to the -casing 50 

• ' either when installing or removing the microactuator 32 • , thereby 
-30 reducing the possibility of cracking the promontory 18. 
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III Snap At tachment 

FIGS 5 and 6 depict an alternative embodiment of the casing 
50^ Those elements depicted in FIGs. 5 ^and -6 that are common to 
the casing 50 and 50' respectively depicted in FIG. 2. and 3 carry 
the same reference numeral distinguished by a, double prime ( ) 
^designation: The -casing " SO-'O divides the sleeve 62" and the 
flange 76" into ^ plurality of separate ,;. annular ly-shaped 
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segments 102 preferably* £ abdicated f rom. ^itanium. . As illustrated 
in FIG. w 5 the annular ly-.shaped segments 102 ..form almost a 
complete circle - : ' .The: annular ly-shaped segments 102 are attached 
to' and coupled, together by . a ,tl>in f annular ly- shaped sheet 104 of 
an inert and bio-corapat ibis polymeric or elastomeric material. 
The -sheet 104^ is apprqximately J to 2 mils thick. Appropriate 
polymeric materials .for the sheet 104 include Teflp,n®, polyimide, 
pblyvinyladehef luoride ("PVDE"} or a similar material.. The sheet 
104 extends along a ,^r r f ace.pf .the. f lange 76" between the flange 
7 6"; and 1 the adjacent mucosa 54., atfid between the outer surface 64" 
of the sleeve -62H and- the . fenestration 52. In this way, the 
sheet 104 seals between the outer surface 64" of the. sleeve 62" 
and the promontory 18; Whiief^he embodiment of the casing 50" 
-depicted dn FIG. 5 illustrates three annular ly-shaped segments 
102; a casing 50" in accordance with, this embodiment of the 
present invention .may, have other numbers of annularly-shaped 
segments 102 such as 2 or 4, or even, more if , desired. 
^ . . : >The first end 66V of; the r sleeve 62" is formed with an 
-outwardly ^directed, hookrshape ,tQ. ( clamp the casing. 50" tightly 
to the promontory. 18- . Since the promontory 18 varies in 
thickness for .different - subjects 12, dyring ^urgery it is 
'desirable to have available for implantation several casings 50" 
with differing .lengths ranging .from 0.3 to 1.0. mm for, the sleeve 
62" . Typically , the wall , p£ the, titanium sleeve §2" adjacent to 
the f enestratioh : 52 \is ..approximately . 100 to 200 microns thick, 
and the first end 66, passes through the fenestration 52 which has 
a" diameter of ^approximately 1. 2 to 1.. 4 . mm. , Af ter all of the 
; annularly-shaped segments., - 102, have been inserted into the 
fenestration 52 so the:first end 66" ; of the sleeve 62" is located 
within the inner ear 17 > a tool may be inserted into the sleeve 
62 to thereby dilate the casing 50" and urge the sheet 104 
covering the outer surface 64" of the,. sleeve 62 into contact with 
the promontory 18. - ; . , 

As illustrated : in FIG.. .6, a button 112 projects from a 
surface of the. flange 76"- furthest from the . mucosa 54 for each 
of the annularly-shaped; segments. 102. Insertion of the casing 
50" into the fenestration - 52 :! may^Jbe. facilitated by a special tool 
(not illustrated in any of the EIGs. ) , which grasps the buttons 
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112 -Because, the annular lynshaped-segments 102 are secured to 
each -other, by the: f lexible sheet, : 1Q4 ;: they. can be drawn toward 
.. each other during insertion- into the fenestration 52 Therefore, 
the insertion tool draws the buttons -112. toward , each,, other thus 
5 retracting the; hook-shaped, first end 66'< to a. diameter smaller 
- than that of the fenestration; 52> ,.In th:Ls way; the casing 50" 
can be inserted into a fenestration 52 which -is actuary slightly 
smaller in . diameter than . the. hook^shaped f irst ,end 66" of the 
expanded casing.50". - Upon. .disengagement of ; the .buttons 112 from 
0 the tool, the casing 50" expands and becomes, secured to the 
promontory 18 surrounding, the fenestration 52 t Differing from 
the casing . 50 or SO ',, depipted,in FIGs, 2., and,, 3, the.. casing 50" 
• illustrated in FIGs. 6 and 7 may.be secured to the promontory 18 
. at. any orientation thereby .facilitating subsequent installation 
5 of the microactuator 32" into , the casing 50" 

The barrel i 72" of the. ; microactuator 32" adapted for 
insertion into -the casing ,50 "-is: formed L with a, slight conical 
taper (depicted in FIG . .o6 ; ) , and • also projecting -splines 116 
. (depicted in .FIG, 5) that f it. .into ,ga P s 118 between the expanded 
20 . ahnularly-shaped segments ,102. -In this way the, -shape of the 
sleeve 62?' established by the-annula^ly-shaped : segments 102 
: provides. keyways, I. e., th* gaps 118 ,. that are adapted to receive 
mating' keys, i.e. the splines 116, formed on the barrel 72" of 
the microactuator 32" .: The: inner, surf ace 68" of the sleeve 62 
25 is preferably, formed with:. a conical taper .matching that of the 
barrel 72" - of the microactuator 3 2 'V. ; The barrel 72" is coated 
with a thin layer 122; of polymer immaterial -to seal well against 
the inner surface 68 of the sleeve ,62 and, against the polymer 
sheet 104 in the gaps 118; between the annular ly-shaped segments 
30 102. The polymeric layer 122 may- be provided by a r .l-2 mils thick 

. parylene coating. i " ^ ^; " ^ ^ - ■ 

Due to the tapered .shape of ^. the, barrel 7 2 v , insertion of the 
> barrel 72" into the casing , 5 0- expands the annular ly-shaped 
r segments 102 of the sleeve- -6 2" against the surrounding promontory 
35 18 thereby sealing the ^casing- 50". and ; the, microactuator 32" in 
place. As illustrated in FIG-. 6, after, insert iqn. ..of, the barrel 
72" into the sleeve 62,". begins ,, -further advancement- of the barrel 
72" into the sleeve 62" also causes circularly-shaped sockets 126 
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to snap around each of the buttons 112. As illustrated in FIG. 
^ ' ■ ' 6 / each of the sockets 12 6 -includes several . slots which permit 
' 'expansion of the> Sbcket 12 6 as it ; slips, over , the head of the 
' ~ : ^mating button 1'12 : . The convex radius of the socket 126 which 
* 5 ! i contacts * the' button- 112- is preferably larger than the convex 
. 'radius of the - making button 112 so the socket ^ 12.6 t is self- 

- * centering along the length ^ of . the button 112. ;While .hooks , or 
: other' 1 types : - of : ■ f asteneirs ^ might be .. used . to ..secure the 
microactuator ° 32" to the casing-50" , preferably the inated buttons 
lb 1 '112* and -sockets 126 ; hold - trhe -microactuator 32 in place against 
the casirif 50'-' . " ^ ^f.-v . w;;^ ■ r : . • ; y: 

A tobl -may* be used for engaging the .raicroactuator 32" with 
the casing 50" which applies ^ no pressure to the promontory 18, 
but only to the -casing. 50% ) If it should become necessary to 
15 remove the microactuator :32" from the casing 50'', ; another tool 
can be used' which priets^ the microactuator 32" loose from the 
casing 50" without -pulling om the promontory 18;* 

To f a'cilitate -ardgnmeht-of . the sockets 126 with /the buttons 
112 'and to -permit expansion of the annularly-shaped segments 102 
20 r as the barrel 72" 'mates with the sleeve :62", the.sockets 126 are 
; preferably formed with radially.aligned. "grooves" as illustrated 
- £t the- ricght hand "side of FIG.'?.: The grooves provide the same 
transverse cross-sectionnas the sockets 12 6 depi.cted.at the left- 
hand side of FIG. 7 and' in^FIG;-6 However , -the! radially aligned 
25 groove provided by the Sock%t-Tl2 6 depicted at. the right-hand side 
of FIG. 7 permits radial movement of the buttons 1 112 with respect 
to the J miciroactuator 32"^ - Not all . of the sockets 126 of the 
microactuator 32" need-provide radially aligned grooves. One of 
the sockets 126 included irv the* microactuator 32" , as illustrated 
30 at the left-hand side of FIG>. 7 and, in FIG : 6, need not provide 
a radially aligned groove, : 1 If all but one of the sockets 126 of 
the microactuator 32" provide radially aligned grooves, alignment 
with and expansion of the; annularly-shaped segments 102 still 
bccurs as the microactuator 32 is pressed into the casing 50". 
35 FIG'. 8 depicts an alternative /? tongue^and-groove lock for 

securing the microactuator- 32 11 to the casing 50!' . > similar: to the 
embodiment depicted in FIGsJ T -3 and 4 > the embodiment depicted in 
FIG. 8 ,f employs at* least "two^ 'keys' 99" that project outward from 
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frqin th^ embodnne^t pf "Gs, q ^ into th e inner surface 

.... e.8", of « ; sleeve^2 , ltgn „ d With Keyways 98". -the barrel 

casing *>•. .tit. Keys 99 -«£ 9 ; £utthetf . lnt6 , th e sleeve 

,,72" ; of,the rd^roactuator J ^ rotated sllg htly so the 

i -70" of the sleeve 62". 
0 fro. the barrel 72 ^--^ alte ^ive tohgue^and-groove 
. ,, fig. 9 depicts yet, another to the casing 50". 

• 4- he microactuator 3 2 t-<-> 
- lock for, securing the mi ^ ; embodiment 

. similar to the ^--;;;^,:t;::Vo Jy, - -at. are received 

depicted, in «G. , ^wever, the embodiment depicted in 

lS into a-^aped Keyways ^8 Howe^ ^ ^ 

. FIG. ? -,is dist,n g a,sheu externally on the fiance 7." 

.in that, the keyways 98 are f« Changing portion of 

while, the keys . 99 " P^ect inward fr ^ least a 

32" that completely encn 
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the microactuator 

portion of the flange 7*«. 
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.1 »ri.1io.l|»te,.. . ,. fsnest ratioh 52 through the 

.,.: M .^l^.r^f ! ^^^^^, Mia ,^ til- 9 «. If 
P—ntory 18 »ay or may , ^ endoth elium 56. then 

forming the fenestra^ 52 ^penetr energized, 
«* -i-oactuatcr. ; 3,2 32 or ^ ^ ^ ^ _ If the 

.directly stimulates the flu, ^ 
endothelium 56 remaps intact ...^^^ 33. 32- or 32" 

52. then electrically energizing the micr 

di^ctly stimulates the endothelium 3. an ^thrj ^ _ ^ 
liU m 5. indirectly stimulates the flu d ^ ^ or „. 

under either circumstances the mic ^ elect rically 

secured within the casing _ 50 ^ ^ Jf Jor 

energized, stimulates the tlul * " deactivate the hearing 

, SO me reason it should or 32 „ may be removed from 

' aid 10. then —^^nl a' dummy plug installed therein. 
the casing 50. ^ • hearing aid 10 complete^ 

Under such circumstances, 
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bypasses the anatomical .hearing structures, e.g. the ear drum 15, 
,.- the. ossicular .chain 2.1 and "the staphs' footplate ; 27 the hearing 
£■ of a subject. .12.,. ,from ' which' the hear ihg "aid 10" has been removed 
should return to p t:hat existing before'its implantation. 

Although the^ present invention has been described in terms 
of the presently; preferred embodiment, it is to* be understood 
^ -that: rsuch disclosure is purely illustrative alnd is not to be 
"interpreted as. limiting. For example, parts of the* casing 50 may 
j. be-form?4 with a shape which 'differs from that depicted in the 
) FIG- 2 et sec. Such alternative shapes for parts of the casing 
! 50 .may be required to avoid any interference with anatomical 
structures lqcated within the middle ear cavity 16 . Analogously, 
while FIGs. .6, and 7, depict the button's 112 as projecting from the 

• -flange 76 M .. and the sockets* 126 as being secured to the 
microactu :.or 32", it is readily apparent that the -sockets 126 
could project from the flange 7 6" and the button 11 2 1 be secured 

, :jto the microactuator 32". while the present invention discloses 

* ^mechanically securingf/ the casing 50 within : the fenestration 52 

thajt, piejrces the promontory 18, a casing SO in accordance with 
20 the present invention might also be seddred within the fenestra- 
tion 52 lly a suitable bio-compatiblie' adhesive material. Conse- 
quently, \ without departing from the spirit and scope of the 
.„ invention!, various alterations ^, mbdif icatibnsv and/or alternative 
/applications of the invention wiil, no doubt, be suggested to 
25 those skilled in the art after having read the preceding disclo- 
- sure, , Accordingly, it, is "intended that thie following claims be 
interpreted ( as. encompassing all alterations, modifications, or 
.alter native applications* as fall within the true spirit and scope 
' • of; the invention. " ; r 
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>fVi'*» a Alms 1 ■"■*.'*" ' : ' ■ - 

What is claimed is: a fenestration 

A casing aaaptea - ^ ^ontor, 

5 being a proton era « C h ^ . ^-^^ being 

portion of an >n«r ear of a *° d * subject a 

«croa=tuator o ■_ ■ ^ stimulating . fluid within the 
mi otuator -- ns tt apP iication of an ' eiectric signai 
10 inner ear m ^ ^ 
< thereto, the casing comprising: , ^ ^ which has a f irst 

a hollow sXeeve = . «- oute r surface of 

• ,nd that is receded ; ^fenestration for securing the casing 
said sleeve .^ ^ ^^low sleeve als, having an inner 
15 within the fenestration, ; sa^ h " r el — the ro i cr0 actuator ; 
■ surface Adapted ^ ^^^sLeve W projects outward 
,a flange xntegral.w^h ^ ^ a second . end of said 

from the outer^surface o^sa.d slee a ^ sle eve, 

— that i-^^^^^:^ end of said 
20 said flange,- limiting ^ — ^ thr J ugn contact between 

said flange and either mucosa overly xng , 

promontory; and. ^ ■ ^ ^ - ^i^tor'to the casing 
fastening means for securing rece ived into said 

«->, h ,rrel of the- microactnator is, received 
25 when the barrel ox w. j 

- -sleeve. • : ' ' ■ ■' " '; 

sleeve is threaded and the sleeve is , . .. \ . 
30 tion by screwing thereinto. | 

are adapted to engage mating 
3 5 microactuator . 
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4. The casing of claim 3 wherein the casing and the 
microactuator are shaped to receive an elastomeric seal disposed 
therebetween. • ^. - 

5 5. ' The casing of claim 2 wherein said sleeve- is, shaped to 

' snugly receive the : Barrel of the microactuator. r ■ 

1 ■ ■ ' ■ * ■ *.>»'' * * 

6V The casing 6f-claim 5 wherein said sleeve is shaped to 
provide a k^yWay adapted to -receive a mating, key formed on the 
0 barrel of the micf oactuatbr*. , : * > ~ . _ <r : : 

7. The casing of claim 5 wherein said fastening means 
includes threaded* apertures r ' formed in. said - flange, the 
microactuator being pierced by apertures that-. respectively align 

5 with the threaded apertures formed in said flange, J said, fastening 
means also including 'screws' each one. of which is adapted to 
extend through one of the apertures that pierce the microactuator 
and to engage the threaded 'aperture in the flange that aligns 
with the aperture through 'which ■ the screw extends, . « \ 

0 " : - ■ ' :, • ; ■■ . - t : .. .. . , 

8/ The casing'- of' -claim 0 2. 1 further comprising the 
microactuator/ anci wherein the fenestration penetrates the 
endothelium whereby the ' microactuator , ■ ; upon; being / .energized , 
directly stimulates fluid within the inner ear. , - 

9. The casing of claim '2 further . ^comprising the 
microactuator, and wherein the fenestration does, not penetrate 
the endothelium whereby the microactuator, upon being energized, 
directly stimulates the : endothelium to thereby indirectly 

0 stimulate fluid" within 1 the inner ear. 

10. The casing of claim 1 wherein said casing is divided 
into a plurality of -separate, annular ly-shaped segments each one 
of which forms a portion " of said sleeve .and a- portion of said 

5 flange. 1 J '■■...■!- -...-•./ 



11. The casing of claim 10 wherein the first end of said 
sleeve is formed with an outwardly-directed, hooked-shape for 
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ciamping' the casing tightly to the" promontory upon insertion of 
said sleeve '"into the - fenestration ■ arid -expansion of the 
' annular iy-shaped segments^ : outward tbWard the' promontory. 

12 The casing of claim 10 further comprising a sheet of 
polymeric material that iW disposed 'between said flange and said 
; sleeve of the casing and" ^he pVoWohtory whfen the casing is 
fastened in the fenestration. 

! 13 ; The' casing o¥ cfaiih 12 wherein the annularly-shaped 
; segments forming said sleeve are attached to said sheet of 
polymeric material. 

14 The casing of claim 10 wherein the inner surface of 
5 said sleeve snugly receives -the barrel of the microactuator. 

15 The casing of cl'aim 14 wherein said sleeve has a 
conically-shaped inner surface adapted to receive a mating, 
conically-shaped barrel of" the microactuator. 

' ~ l 16 The casing ! of : claim 15 ^further Comprising the 
.ioroaciuator the barrel of which Includes a key that mates with 
a keyway provided ^ by^aid-sieev*, and the barrel, including the 
key, being coated with a polymeric material. 

17 The casing of claim 10 wherein the fastening means 
includes buttons that project outward from a face of said flange 
that is furthest from the promontory when the casing is inserted 
into the fenestration, said buttons being adapted to be received 
into and engage mating sockets on the microactuator that are 
adapted to secure the microactuator to the casing by snapping 
around said buttons. 

18 The casing of claim 17 further comprising the 
microactuator having sockets for engaging buttons projecting from 
said flange wherein at least one of the sockets is f orm d 
radially aligned groove adapted to receive and engage one of said 
buttons along a length of the radially aligned groove. 
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v - ?- 9 r The .. pa sing of claim 10 further comprising the 

;:.niiG ( roactuator, and, .wherein the fastening' means includes 

,vtongue-and-grooye lock, formed partially on the casing and 
partially on the microactuator. 

. . 20. The .q^sing ,of claim. 19 wherein the tongue-and-groove 

, : .Lock ipclu^s a k.eyway formed in the inner surface of said sleeve 
and a mating key projecting from the barrel of the microactuator. 

0 . 2L,., The casing of .claim 19 wherein the tongue-and-groove 

lock, includes a keyway .formed in the inner surface of said flange 
and a mating key projecting from the microactuator. 

- 22 • • T1 > e . casing of claim 10 further comprising the 
5 , microactuator, and wherein the fenestration penetrates the 
endothelium whereby the microactuator, upon being energized, 
directly stimulates fluid within the inner ear. 

23. The casing. pf ; claim t 10 further comprising the 
0 microactuator, and wherein the fenestration does riot penetrate 
, i.. ; the endothelium .^hereby the microactuator, upon being energized, 
• directly stimulates , the , ? endothelium to thereby indirectly 1 
. stimulate fluid within the inner ear.. 
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